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ABSTRACT 
 
 
 
 
Approximately 45% of the average household electricity in Malaysia is consumed by 
air conditioners to create an acceptable indoor environment. This high energy 
consumption is increase due to poor thermal performance of the building envelope. 
Therefore, selecting a low thermal conductivity of brick wall is of considerable 
important in creating low energy building consumption. Numerous studies have 
reported the potential use of agricultural waste as an additive in building materials to 
enhance their thermal insulation properties. The objective of this study is to examine 
the use of agricultural wastes from empty fruit bunch (EFB), coconut fibre (CF) and 
sugarcane bagasse (SB) as additive agents in a fired clay brick manufacturing process 
to produce a low thermal conductivity clay brick. In this study, these agricultural 
wastes are individually mixed with clay soil in different proportions ranging from 0%, 
2.5%, 5%, 7.5% and 10% by weight. Physical and mechanical properties including 
soil physical properties, as well as thermal conductivity has been examine in 
accordance with BS 1377: Part 2: 1990, BS 3921: 1985 and ASTM C518. The results 
of this study reveal that incorporating 5% of EFB as an additive component into brick 
making process significantly enhance the production of a low thermal conductivity 
clay brick as compared to other waste alternatives tested.  The control brick (CB) and 
5% EFB masonry wall at size 1 m x 0.102 m x 1 m is built to access thermal surface 
temperature of the masonry wall model. The results reveal that the 5% EFB brick 
reduces the thermal conductivity value as well as reduces the thermal surface 
temperature of the constructed masonry wall model at night, where the significant on 
thermal imaging colour show much faster release heat. The outcome of this research 
suggests clearly that EFB waste is a potential additive material for thermal insulation 
enhancement of the building envelope. Thus, the temperature of the outer surface of 
the wall give impact inside building, where EFB waste bricks able to give thermal 
comfort inside building during at night.  
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ABSTRAK 
 
Di Malaysia dianggarkan purata pengunaan elektrik sebanyak 45% hasil daripada 
pengunaan penghawa dingin yang digunakan untuk pengudaraan persekitaraan. 
Pengunaan tenaga yang tinggi selalunya dikaitankan dengan kelemahan prestasi terma 
di dalam bangunan. Oleh itu, pemilihan dinding yang mempunyai kekonduksian haba 
yang rendah amat dititikberatkan bagi menghasilkan bangunan yang rendah tenaga. 
Dalam kajian-kajian sebelum ini,  telah banyak penyelidik melaporkan potensi 
pengunaan sisa pertanian sebagai bahan tambah di dalam bahan binaan bagi 
mempertingkatkan sifat – sifat penebatan terma. Tujuan kajian ini dijalankan adalah 
untuk menilai pengunaan bahan pertanian dari Tandan Buah Kelapa Sawit (EFB), 
Sabut Kelapa (CF) dan Hampas Tebu (SB) sebagai ejen bahan tambah di dalam 
penghasilan batu bata bakar  untuk menghasilkan batu – bata tanah liat rendah 
keberbalikan terma. Dalam kajian ini, bahan – bahan sisa pertanian secara individu 
dicampurkan kepada bermula dari 0%, 2.5%, 5%, 7.5% hingga 10% mengikut 
timbangan berat. Sifat – sifat fizikal dan mekanikal termasuk sifat-sifat fizikal tanah 
serta kekonduksian terma dinilai mengikut piawaian BS 1377: Part 2: 1990, BS 3921: 
1985 dan ASTM C518. Hasil keputusan menunjukan pengunaan bahawa 5% EFB 
sebagai bahan tambah di dalam proses penghasilan batu – bata secara signifikan dapat 
mempertingkatkan penghasilan batu-bata tanah liat yang rendah kekonduksian terma 
berbanding bata dengan lain-lain sisa pertanian. Dinding bata kawalan (CB) dan bata 
dari 5% sisa pertanian Tandan kepala Sawit (EFB) bersaizkan model 1 m x 0.102 m x 
1 m telah dibina untuk menguji suhu pretasi permukaan dinding terma. Hasil 
keputusan menunjukan 5% pengunaan EFB di dalam batu – bata dapat mengurangkan 
nilai konduksian terma dan juga suhu terma permukaan struktur dinding terutama pada 
waktu malam, di mana warna imej terma menunjukan secara signifikasi lebih cepat 
membebaskan haba.  Hasil kajian mencadangkan sisa EFB berpotensi sebagai bahan 
tambahan bagi peningkatan penebatan terma konduksian tutupan bangunan. Oleh itu, 
suhu permukaan luar dinding akan memberi impak pada suhu dalam bangunan, 
dimana batu-bata sisa EFB dapat memberikan keselesaan terma di dalam bangunan 
terutama pada waktu malam rendah penggunaan tenaga. 
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CHAPTER 1 
 
 
 
INTRODUCTION 
 
 
 
1.1 Background of Research 
 
The history of clay has recorded that the clay bricks were used for many past decades. 
Yang et al., (2014) reported that, China has been the largest producer for fired clay 
bricks widely used as a building material and flooring since the Qin Dynasty (476-
206BC), although a few lines of evidences show that fired clay bricks may have been 
invented as early as 5500 years ago in the Eastern Central China. A study by Shakir et 
al., (2013) indicated that the bricks, which were manufactured using an ancient method 
were existed since 600 B.C where the process clay bricks manufacture were known as 
a soft mud process in which a relatively moist clay was pressed into simple rectangular 
moulds by hands. A study by Fernandes et al., (2009) found that clay bricks have 
become one of the oldest and most durable construction techniques used by mankind.  
 The demand of energy efficient design and construction has become 
progressively vital with the growing of energy costs that increasing the awareness on 
the effect of global warming (Mydin, 2011). The energy used daily becomes a priority 
due to the thermal that effects the comfort inside homes. Hence, mention by Azzmi & 
Jamaludin (2014) state that a good comfortable home is a part of the sustainable 
development agenda to improve the quality of life. According to Tenth Malaysia Plan, 
the continuous efforts may ensuring Malaysia citizens all level income to have 
opportunity to acquire houses that refer to “adequate, affordable and good quality’ 
(Sufian & Ibrahim, 2011).  
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Over half of the world’s total palm oil today is derived from the oil palm 
industry in Malaysia, agricultural waste from oil palm is especially high since 
Malaysia produces about 17.7 million tons of palm oil on 4.5 million hectares of land 
(Awalludin et al., 2015; Alwani et al., 2014; MPOB, 2011). Over half of the world’s 
total palm oil today is derived from the oil palm industry in Malaysia. There are at 
least 417 productive palm oil extraction mills nationwide (MPOB, 2011). These mills 
generate more than 12.4 million tonnes of EFB as solid waste (green weight) yearly 
(MPOB, 2011). A considerable amount of solid waste in the form of fibres, kernel 
shells and empty bunches discharges are produced during palm oil (Mangesh et al., 
2013; Mannan & Ganapathy, 2004; Salleh et al., 2011). These wastes are simply 
disposed of without any economic return (Awal & Husin, 2011).  
In Malaysia, one of the most important crops is the coconut palm. Statistics 
show that the total production of coconut palm increased from 512,699 in year 2006 
to 555,120 metric ton in year 2008 (MOA,2009).  According to the Department of 
Statics Malaysia, the capita consumption, agricultural waste coconut increased from 
year 2013 at 18.5 kilograms/year to year 2014 at 18.9 kilograms/year in Malaysia.  Das 
et al., (2016) stated that production of coconut stands at 11.9 million tonnes, which is 
the second highest waste in the world. 
Khuenpet et al., (2016) and Dotaniya et al., (2016) state that sugarcane is a 
vital crop in the world, particularly for the tropical countries, with the majority of 
sugarcane being used for sugar and alcohol production. Meanwhile, sugarcane bagasse 
is a residue produced in large quantities by the sugar industry. Typically, 1 tonne of 
sugarcane generates about 280 kg of bagasse.  About 54 million dry tonnes of bags 
were produced annually throughout the world (Cerqueira et al., 2007).   A study by 
Mekhlilef et al., (2011) stated that sugarcane cultivation produces granulated sugar, 
molasses, bagasse, dry leaves of sugarcane trees and cane tops. Nearly 30% of the 
sugarcane cultivation produced bagasse, but the main production was granulated 
sugar. The excess baggage accumulated presents a waste problem for the sugar 
industry (Shaikh et al., 2009).   Moreover, the burning of bags will produce carbon 
monoxide and methane; gases that cause air pollution and may affect the people’s 
health and well-being.   
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1.2 Problem Statement  
 
The waste materials increase daily and are unable to be recycled in a short time. 
According to Manaf et al., (2009), the per capita generation rate is at approximately 
0.5 - 0.8 kg/person/day in which domestic waste is the primary source in Malaysia.  
However, huge quantity of municipal solid waste generation, particularly in Peninsular 
Malaysia, has increased from 16,200 tonnes per day in year 2001 to 19,100 tonnes per 
day in year 2005 or an average of 0.8 kg/capita/day (Ying & Manaf, 2014; Johari et 
al., 2010; Tarmudi et al., 2010; Tarmudi et al., 2009). According to Fazeli et al., (2016) 
the increase of municipal solid waste for grant total waste in Malaysia in year 2012 
was about 29, 711.8 tonnes per day and expected to increase about 3,6165.4 tonnes 
per day in year 2020.  
Malaysia produces a vast amount of agricultural wastes and agricultural wastes 
from sugarcane, coconut, pineapple, and banana plants are notably high (Alwani et al., 
2014).  Manaf et al., (2009) reports that the Malaysia had generates in excess of 15,000 
tons of solid waste per day in the form of biomass that consists of forest and mill 
residues, wood wastes, agricultural wastes, and municipal waste. Moreover, more than 
2 million tonnes of agricultural waste in Malaysia are produced annually and are either 
burned or dumped as a waste and are a great environment threat, causing damage to 
the land and surrounding areas (Ghani et al., 2011). Raut et al., (2002) and Perera et 
al., (2015) mention that the most quantities of waste generated from agricultural 
sources are rice husk, sugarcane bagasse, jute fibre, coconut husk, cotton talk and 
other. 
As Malaysia is located in the tropical region, the buildings are exposed to the 
full impact of the external temperatures and solar radiation, which affects the 
occupants comfort in a negative way. Qaltan et al., (2010) reports that about 70% of 
energy consumption in Malaysia was used for cooling the space environment and 
therefore, it was important to reduced energy consumption. Malaysia is one of the 
tropical rainforest that received more heat because of the location on the equatorial 
line. In addition, the tropical rainforest climate received higher solar radiation and 
terrestrial radiation reaching the building envelopes contributes to this problem 
(Azzmi & Jamaluddin, 2014). Buildings are overheated during the day due to solar 
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heat gain through the building envelope and radiant solar penetration through windows 
(Azzmi & Jamaluddin, 2014; Hampton, 2010; Mayer et al., 2007; Walter et al., 2007). 
 In Malaysia, 45% of the average household electricity is consumed by air 
conditioners to create an acceptable indoor environment (Deraman et al., 2017). This 
high energy consumption is mostly related to poor thermal performance of building 
envelope. Therefore, the thermal performance of the building envelope is one of the 
most important determinants of the building’s energy consumption (Deraman et al., 
2017). Meanwhile, Al-Homoud et al., (2005) reported that the buildings has large 
consumers of energy that had influence in all countries and within regions with harsh 
climatic conditions, a substantial share of energy goes to heat and cool buildings. 
Mydin et al., (2011) stated that the connection between energy used in buildings and 
environmental damage arises because energy intensive solutions sought to construct a 
building and meet its demands for heating, cooling, ventilation and lighting caused 
severed depletion of precious environmental resources. Unwanted thermal energy may 
accumulate in building and dwelling from a variety sources such as radiation or 
convection-included heat transfer and air infiltration through walls (Raut et al., 2014).  
 Normally, the consummation of energy that used for heating and cooling flow 
inside building are approximately 70% in the building. Besides that, this percentage 
could be higher in other parts of the world with more harsh climatic conditions and 
less energy efficient buildings (Al-Homoud et al., 2005). According to Centre for 
Environment, technology & Development, Malaysia CETDEM (2006) and Mahlia 
(2007), suggested that the indoor temperature were in the range of optimum 
temperature, which was 24º C to prove the optimum comfort for building occupants in 
Malaysia.   
 Therefore in this research, the used of the agricultural waste that had higher 
waste in Malaysia would be selected and use for the fired clay bricks. The 
enhancement of fiber in clay bricks firing processing enables to create porosity inside 
bricks. The aim for this research to create low thermal bricks by using agricultural 
waste for reducing agricultural waste and low down the temperature inside building.  
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1.3 Objectives 
 
The objectives of study are; 
i. To determine the characteristic for clay soil, EFB, CF and SB. 
ii. To identify the physical and mechanical properties of fired clay bricks using 
EFB, CF, SB and control bricks CB. 
iii. To evaluate the surface temperature of small masonry wall model.      
 
1.4 Scope of the Research 
 
These materials were been collected in Johor district where it is easy to obtain. Besides 
that, it requires effortless to be collected at enormous quantity of agricultural waste. 
The agricultural waste that used are coconut fiber (CF), oil palm empty fruit bunches 
(EFB), and sugarcane bagasse (SB). The raw clay soil, collected from the Kilang Yong 
Peng Batu Bata Bhd, then it is dried under the sun at the Brick Laboratory located at 
the same place. 
 This study was conducted at several laboratory to test with the physical, 
mechanical and thermal properties for clay bricks. In these scopes of research the 
chemical composition test was conducted to identify the chemical composition of the 
internal component. The aim of chemical tests and microscope test is to identify the 
chemical properties and the size of porosity inside the fired clay bricks. The X-ray 
Fluorescent Test (XRF) was conducted in an Analytical Laboratory Environment, 
UTHM.  
 In addition, based on the Geotechnical properties test, several tests were 
conducted whereas it has been tested in the Geotechnical laboratory, which follow the 
British Standard BS 5930: 1999, The code of practice for site investigation and BS 
1377-2: 1990, Soil Classification. For obtaining, the optimum moisture content, 
Protocol Compaction test was carried out by following the procedure American 
Association of State Highway and Transportation Official (AASHTO) ASTM D698 
and AASHTO T99.  
 Besides that, the engineering properties of fired clay bricks namely the density, 
shrinkage, compressive strength and initial rate suction test. Moreover, the physical 
and mechanical properties, clay bricks are followed by BS 3921:1985 specification for 
clay bricks. The compressive strength test that conducted in Lightweight Structure 
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Laboratory. However, for the water absorption test are using the cold water method 
where the bricks soak for 24 hours and followed by the Malaysia Standard MS 76:1972 
Part 2 Clay Bricks. Thus, the initial rate suction (IRS) was done following BS 
3921:1985 Specification for clay bricks to test capillary action inside the bricks. 
 In addition, the thermal properties were carried out to identify the thermal 
conductivity test in Malaysia Palm Oil Board, MPOB. These evaluation of thermal 
performance tests normally included take parameter such as temperature, thermal 
surface and heat scanning infrared thermography on the masonry wall model.
 On the modelling sample, the scale model of two (2) brick wall was 
constructed with dimension height (1 m), width (0.102 m) and length (1 m) based on 
the optimum percentage agricultural waste that has low thermal conductivity and the 
control bricks.  
 
1.5 Significant of Research 
 
These study expects that by using the agricultural waste into fired clay bricks able to 
lowering thermal conductivity by create porosity inside the bricks that has been fired.  
The enhancement of waste into clay brick create more porosity during ignition of 
firing.  
 By using the additive waste, the clay bricks has influence the physical and 
mechanical properties affected more as density. In the increasing of waste into clay 
bricks that may drop its strength.  Although, there are some previous studies show that 
the agricultural waste provides a higher performance in strength. In addition, using 
agricultural waste into bricks show that potential material for lightweight bricks.  
The main outcome of this research is able to produce low thermal bricks that 
solve thermal comfort, where the porosity inside bricks are react as insulation for brick 
wall. These low thermal bricks that can help the mankind in future to reduce energy 
consumptions, reduce waste problem and suitable material for building envelopes. 
  
1.6 Thesis Outline 
 
In Chapter 1 provides an overview of agriculture’s waste problem and thermal 
consumption issue in Malaysia. The objective were briefly explained which cover 
physical and mechanical properties, characteristic of material and thermal 
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conductivity in these study. The concern regarding of insufficient of building material 
for construction activates, aware attempt has been made to produce by using different 
waste into fired clay bricks production. As conclusion, in Chapter 2 has be providing 
compressive literature review regarding the potential agricultural waste to be 
utilization into clay brick production for low thermal bricks. Follow by, Chapter 3 
mostly cover the procedure testing for brick specimen under physical and mechanical 
test under scope fields. Next, Chapter 4 has provided the analysis the based on result 
testing, which acquire the finding and discussion thought Chapter 5.  
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CHAPTER 2 
 
 
 
REVIEW ON AGRICULTURAL WASTE AND CLAY BRICKS 
PROPERTIES 
 
 
 
2.1 Introduction 
 
The production of agricultural waste is a pressing issue as the waste creates pollution. 
According to Das et al., (2016), natural materials such as fibres and coconut fibres are 
commonly used to reinforce the soil. This shows that there is a potential of producing 
bricks from waste which is compatible with the soil as well. Raut et al., (2011) 
mentions that the performance in terms of lighter density, lower thermal conductivity 
and higher compressive strength of the various waste bricks gives an economical 
option to design the green building. Agricultural waste can be used as a material in 
many fields. In these this literature review, the agriculture waste is used in the 
production of making clay bricks for contribution sustainable material construction.  
Environmentally recycling materials and low energy consumption products are 
important elements to do in research field.  The development of new technologies to 
recycle and convert waste materials into reusable materials is very important for the 
protection of the environment and the sustainable development of the society (Raut et 
al., 2014). Conservation of energy and energy efficiency of buildings are important 
global issues that influences the factor of lack economic issue and environmental 
concerns. The previous study, show that the potential of using agriculture waste as a 
material in clay bricks for alternative ways to the sustainable construction material by 
recycling waste into fired clay brick product (Kadir et al., ; 2016; Kadir et al., ; 2013; 
Banhidi & Gonze; 2008; Demir; 2008; Chan, 2011). There is a potential of the agro-
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waste to contribute in reducing natural resources and energy as well. Hospodarova et 
al., (2015) stated that material recycling is the upcoming trend in the development of 
building materials and some waste materials can be used in construction as secondary 
raw material.  
The attention of brick production was directed towards the thermal isolation 
capacity for building material clay brick (Kristaly & Gomze, 2008).  A study by 
Kristaly & Gomze (2008) on traditional clay bricks, mentioned that the solution for 
increasing the thermal isolation capacity is the artificial increase of porosity. Mydin 
(2011) stated that the utilization of low thermal conductivity building materials is 
important to decrease heat gain through the envelope into the building in hot climate 
countries like Malaysia. Meanwhile, Shibib et al., (2013) and Shibib et al., (2015) 
indicated that the thermal and mechanical brick properties play an important role in 
designing modern buildings, especially when wall properties such as insulation, 
rigidity, weight and cost are deliberated. Therefore, selecting the proper thermal 
properties of a building envelope plays a major role in determining energy 
consumption patterns and comfort conditions in enclosed spaces (Ecem et al., 2014; 
Manioglu & Yilmaz; 2008; Elias et al., 2006). 
 
2.2 Agricultural Waste 
 
Malaysia is a producer of agricultural products, as the climate in Malaysia produces 
conditions for production different type of variation waste. Agricultural materials have 
played a major role in human life. Globally, 998 million tonnes of agricultural waste 
is produced annually and in Malaysia, 1.2 million tonnes of agricultural waste is 
disposed into the landfill annually (Kadir et al., 2016). In year 2015, the agricultural 
sector has contributed 8.9% to the Gross Domestic Product (GDP), which cost RM 
94.1 billion as stated by Department of Statics Malaysia (DOSM, 2016). It concluded 
that the agricultural waste is an issue to environmental problem in Malaysia and 
therefore it needs to be controlled and studied. 
The statics of agricultural waste are produce annually in year 1994 unti year 
1198 (Khedari et al., 2005). Provides in Table 2.1 the annual waste from 1994 until 
2011 for every waste production. Coconut (Cocous nucifera), durian peel (Durio 
zibethinus) and coconut coir that has good thermos physical properties and more 
especially have low thermal conductivity (Khedari et al., 2005). 
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Table 2.1: Agricultural production in 1994 until 2016 (Khedari et al.; Mehkilef et al,; 
DOSM, 2016) 
Type of 
agricultural 
Productivity 
(103 
tons/year)  
(Khedari et 
al., 2005) 
Productivity  
(103 tons/year) 
(Mekhilef et 
al., 2011) 
Energy 
productivity 
(boe/ha/year) 
(Wan et al., 
2011) 
Productivity 
(103 
tons/year)  
(DOSM, 
2016) 
Productivity 
(103 
tons/year)  
(DOSM, 
2016) 
Year 1998 2007 2011 2014 2015 
Coconut 1372 171 88.7 - 17.3 
Sugarcane 50,332 234 54.9 - - 
Oil Palm - 91. 251 28.21 96,066.8 98,344.1 
Agricultural waste has the potential to be used as material for thermal 
insulation as a solution to reduce energy consumed by air conditions (Panyakaew & 
Fotios, 2008). According to Ghani et al., (2011), palm oil is the highest producer of 
agricultural waste in Malaysia whereby the palm oil milling process creates 0.07 tons 
of palm shell, 0.146 tons of palm fiber and 0.2 tonnes EFB. Table 2.1 shows the 
amount of fronds of coconut waste at approximately about 0.164 million boe as stated 
by Ghani et al., (2011).  
Kristaly & Gomze (2005) incorporated agricultural waste additives material to 
improve compressive and bending strengths, capillary water up-take and capacity of 
heat conductivity, which are the main properties that characterize the building 
materials. Hospodarova et al., (2015) mentioned that the use of agricultural waste to 
produce new sustainable materials and to conserve non-renewable sources of raw 
material is based on plant fibres. Raut et al., (2011) stated that the using industrial or 
agricultural waste material develops sustainable construction material and designs the 
green building. 
In this study, the use of material for additive bricks that can be used is empty 
fruit bunch (EFB), coconut fiber (CF) and sugarcane bagasse fibre (SB). The use of 
this material was chosen because these agricultural wastes are among the highest in 
Malaysia.  Besides that, the agricultural waste has unlimited resource that can easily 
be obtained. This kind of agricultural waste is produced every day for production by 
the community. 
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2.2.1 Empty Fruit Bunch (EFB) 
 
The oil palm tree (Elaeis guineensis) is a tropical palm plant, which is native to Africa. 
In less than 100 years, the cultivation of oil palm trees has evolved from being a 
relatively small-scale crop in Africa to one of the world's most profitable agricultural 
commodities. Oil palm tree scans grow well in the Malaysian climate (Awalludin et 
al., 2015). Ismail & Yaacob (2011) reported that in 2007, 4.3 million hectares of land 
were planted with palm oil trees and was a major agricultural industry in Malaysia. 
According to the measure in 2014 by Department of Statistics Malaysia (DOSM), 
Malaysia is the second largest producer of quantity palm oil approximately 19,667,016 
tonnes, an increase of palm oil from 2014 to 2015 at 2.4 % annual waste yearly.  
 The wastes such as empty fruit bunches (EFB), palm kernel shell (PKS), 
mesocarp fibre (MF), palm oil mill effluent (POME), oil palm trunks (OPT), oil palm 
leaves (OPL) and oil palm fronds (OPF) are generated after the oil palm fruit is 
harvested, palm oil processing or during oil palm trees replantation as stated by the 
MPOB (2011).  Table 2.2 shows the area in Malaysian states, which is a major area of 
the palm oil in Malaysia.  
 
Table 2.2: Area of State Palm Area in Malaysia (MPOB, 2011) 
 
 
Figure 2.1 displays the waste of palm oil produced from 2008 until 2011. In 
the palm oil mill, palm oil consists of only 10% of the total biomass. The rest, 90% 
OIL PALM PLANTED AREA BY STATE AS AT DECEMBER 2014 (HECTARES) 
State Mature % Immature % Total % 
Johore 651,242 88.8 82,225 11.2 733,467 13.6 
Kedah 80,767 93.7 5,415 6.3 86,182 1.6 
Kelantan 99,783 68.9 44,979 31.1 144,762 2.7 
Malacca 49,501 93.7 3,348 6.3 52,849 1.0 
Negeri Sembilan 142,503 84.1 26,865 15.9 169,368 3.1 
Pahang 623,269 86.6 96,344 13.4 719,613 13.3 
Perak 348,794 89.6 40,370 10.4 389,164 7.2 
Perlis 189 64.1 106 35.9 295 0.0 
Penang 13,309 93.7 895 6.3 14,204 0.3 
Selangor 126,805 91.6 11,677 8.4 138,482 2.6 
Terengganu 139,410 82.5 29,538 17.5 168,948 3.1 
Peninsular Malaysia 2,275,572 91.6 341,762 8.4 2,617,334 48.5 
Sabah 1,355,541 89.7 155,969 10.3 1,511,510 28.0 
Sarawak 1,058,208 83.8 205,183 16.2 1,263,391 23.5 
Sabah & Sarawak 2,413,749 87.0 361,152 13.0 2,774,901 51.5 
MALAYSIA 4,689,321 87.0 702,914 13.0 5,392,235 10 
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biomass were discarded as wastes. On average, five tonnes of fresh fruit bunches were 
required to produce 1 tonne crude palm oil. 
 
Figure 2. 1: Percentage of Waste Palm Oil from 2008 until 2011 (MPOB, 2011). 
 
The agricultural waste has the highest knowledge on palm oil. Figure 2.1 shows that 
the produce of palm oil waste in Malaysia compared to other country, that had shown 
higher generate waste value from 2008 until 2011 (MPOB, 2011; Awalluddin et al., 
2015). Figure 2.2 presents the palm oil fruit that have been used for the extract palm 
oil process. 
 
 
Figure 2.2: Palm oil fruit (MPOB, 2011) 
  
 Moreover, for EFB, Kavitha et al., (2003) stated that the EFB chemical 
properties mainly contains lignocellulose material which contain lignin and cellulose. 
Meanwhile, Nazir et al., (2013) state that EFB is lignocellulosic composites, compared 
to compacted arranged cellulose, hemicelluloses and lignin with 44% cellulose 
fraction. Figure 2.3 displays the micrographs structure inside of the palm oil fibers. 
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(a)  
 
                      (b) 
 Figure 2.3: (a) Photographs Palm Oil Fiber; (b) SEM Micrographs Palm Oil Fibre 
(Osman et al., 2016) 
 
2.2.2 Coconut Fibre (CF) 
 
Coconut (coco nucifera) is categorized as coconut palm which belong to palm family 
(Palmae). In addition, the coconut coir is extracted from husk for coconut that is made 
up of natural fibre. This, fibre is founded between hard, internal shell and external 
shell of coat of a coconut. Enokela and Alada (2012) coconut fiber has high lignin 
content and thus low cellulose content, as a result of which it is resilient, strong and 
highly durable.  
World production of coconuts is approximately of 40 to 50 million tonnes 
annually, producing around 15 to 20 million tonnes husk (Panyakaew & Fotios, 2008). 
The coconut cultivation can be found in most of Southeast Asia. According to Kadir 
et al., (2016) Malaysia is the large area of coconut plantation about 147 thousand 
hectares, and is the largest amount of waste without utilization but often dumped as 
agricultural wastes. Department of Statistic Malaysia also stated that in 2015, that 
coconut has the highest percentage than other fruit at 17.3 % for kg per year.  
 
Figure 2.4: Coconut Fiber 
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Ali (2012) and Hadirwardoyo et al., (2013) mention that the natural fibres are 
low cost and coconut fibers are abundantly available in tropical region. Coconut fibers 
are derived from the husk of the coconut fruit, where it classified as the brown and 
white fibers. According to Nithiya et al., (2016) and Das (2016) the chemical 
properties of coconut fiber contains a percentage of lignin at 45.84%, cellulose at 
43.44% percentage and hemi-cellulose at 0.025%. Figure 2.4 display the coconut 
fibers that have been collected before processing into smaller pieces. 
Kadir et al., (2016) explains that coconut fibre is commonly used in material 
because of the advantages found such as resistant to fungi and rot, provides excellent 
insulation against temperature and sound. Moreover, Ali (2012) stated that coconut 
fibre were reported best for retaining a good percentage of its original tensile strength 
in all tested conditions. According to Das et al., (2016) coconut fibres has highly 
efficient mean of soil reinforcement. To prove that by Das (2016) mention that coconut 
fibres are commonly used to reinforce inside clay soil to gain high structure bonding 
within it. 
Khedari et al., (2005) mentions that using CF with combination of cement and 
clay soil lowers the thermal conductivity by using CF and reduces the thermal 
conductivity and weight.  Figure 2.5 presents the micrographs structure inside coconut 
fibers.  
 
 
                       (a) 
 
                         (b) 
Figure 2.5: (a) Photographs Coconut Fiber; (b) and SEM Micrographs Coconut 
Fibers (Ebrahimi et al., 2017) 
 
 
2.2.3 Sugarcane Baggasse (SB) 
 
Sugarcane is the tallest perennial true grasses of genus Saccharum, whereby the south 
Asia are mainly focused for sugar production. Sugarcane is a measure of crop tropical 
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countries following the increasing demand for sugar in the last century (Panyakaew & 
Fotious, 2008). Loh et al., (2013) stated that the fibrous residue of sugarcane after 
crushing and extraction of its juice, known as “bagasse”, is one of the largest 
agriculture residues in the world. The SB is chosen as raw material because of the low 
cost and high quality green material and easy to obtain due to the processing of sugar. 
Figure 2.6 displays the sugarcane bagasse that has been squeezed for juice and has 
become an unwanted waste.  
 
 
Figure 2.6: Sugarcane Bagasse  
 
 Sugarcane bagasse is organic pore-forming additives composed mainly of 
cellulose (Kristally & Gomze, 2005). Characteristic of the cellulosic fibers can provide 
adequate stiffness, strength and bonding capacity to cement-based matrices for 
substantial enhancement of their flexural strength, toughness and impact resistance 
(Hospodaraova et al., 2015). Dontaniya et al., (2016) suggested that there is a potential 
used as a binding material. A study Young et al., (1983) stated that chemical 
composition inside sugarcane bagasse that high percentage contain of cellulosic fibers, 
hemicellulose, lignin, ash, crude protein and glucose respectively. 
Sugarcane ash and cane straw ash has the capability to partially replacement 
cement and act as a pozzolanic additive in the manufacturing of concrete and ash block 
(Loh et al., 2013). According to Dontaniya et al., (2016) sugarcane bagasse has major 
portion as cellulose, hemicellulose and lignin respectively. Figure 2.7 shows the 
micrographs structure inside sugarcane baggasse fibers. 
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 (a) 
 
 (b) 
Figure 2.7: (a) Photographs Sugarcane Bagasse ;(b)SEM Micrographs Sugarcane 
Bagasse (Luide et al., 2017) 
 
2.3 History Clay Bricks 
 
Basically, the brick has been exist from ancient time. Besides that, brick is one of 
oldest manufacture materials all around world. The use of clay brick has been well 
know other country with variation of size brick. At the first time clay brick was made 
up with mud soil that dry up under sun ray. Today, clay brick has been fired for 
increasing strength and ability to withstand weathering at different country.   
 
2.4 Type of clay bricks 
 
There are many types of brick that has been used in the Malaysia construction industry. 
Most of bricks that are available in market are clay brick, calcium silica/lime sand and 
cement brick.  The factor of using specific bricks is usually depends on the purpose 
and suitability that depends on the condition and location of site construction.  
  
2.4.1 Common bricks 
 
The use of clay bricks mostly to revive the construction-housing, commercial, and 
structure industry. Although the clay brick has been through many variety-refining 
processes in the making, it remains in its original form commercial size. The size of 
the bricks still remain in terms of its original dimension , although a variety of sizes 
are existing at various places where it points to the fact that the larger brick will 
provide a higher level of insulation in places especially medium temperature 
especially.  
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 Common bricks safety carry the load normally supported by brickwork, which 
has poor texture or color that are not in demand as the facing bricks. Common bricks 
usually used for internal walls and for rear walls for a view. Therefore, brickwork has 
to be rendered, plaster or unseen the finished work. Figure 2.8 displays the example 
of clay bricks that usually has be practice in construction industry. 
 
 
Figure 2. 8: Common Bricks (Edenhall, 2016) 
 
 When the clay bricks are used in the construction such a load bearing wall 
types, wall structure of the ground floor must be able to bear the weight of the load 
from the floor above. It is a clearly misleading fact of a structure where the higher it 
is, the structure, higher wall thickness is required by the structure at the bottom wall. 
In these modern times, various materials have been built and innovated as alternative 
measures to minimize the use of clay bricks in terms of cost, to ease the installation 
and based on the characteristics of the insulation. 
 Kristaly & Gomze (2005) stated that clay material causes the decomposition 
of carbonates, contraction of clay minerals and organic matter combustion, the 
introduction of pore-forming additives contributes to the increase of porosity of bricks. 
The structure of clay is determined by its calcareousity depending on CaO levels and 
if more than 6% CaO level that clay has been named as calcareous clay (Gorhan & 
Simsek, 2013). Soils produce unpredictable results due to undesirable chemical 
reactions with the stabilizer (Enokela & Alada, 2012).  
  
2.4.2 Facing Bricks 
 
The facing bricks are the widest range brick that has been fired to carry normal load. 
These bricks are able to withstand the effect of rain, wind, soot and frost without 
breaking up and have a good quality of appearance. This bricks has many types 
different of ideas that have pleasant looking bricks with vague classification. Facing 
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brick is available in huge variety of colour, texture, smooth, light or sandy. It is 
usually, often used on the surface wall for ecstatic factor.  Figure 2.9 shows that facing 
bricks mostly have higher appearance.  
 
Figure 2.9: Facing bricks (Coleford, 2016) 
 
2.4.3    Engineering Bricks 
 
Engineering bricks are manufactured at extremely high temperatures, forming a dense 
and strong brick, allowing the brick to limit strength and water absorption. These 
bricks are very solid and hard, able to carry heavier load compared to other bricks. In 
addition, these bricks has maximum strength of 70 N/mm2 is classified as engineering 
bricks Class A and at 50 N/mm2 is classified as engineering bricks Class B that are 
able to withstand higher temperature and used as loading bearing wall. Figure 2.10 
shows the engineering brick that has higher strength, and based on British standard, 
this brick is classified as engineering bricks A and B.   
 
Figure 2.10: Engineering bricks (Edenhall, 2016) 
 
2.4.4 Calcium Silica Bricks 
 
These bricks are made of content silica or calcium is also known as lime sand closer 
to the characteristics of the concrete. It is also particularly made of a mixture of sand 
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and stone powder with high silica content, but instead of using cement, it uses lime as 
the binder. The moist mixture is compressed according to the form set with the very 
high-applied pressure before baking in the auto clavier steam at a temperature of 200oC 
for 8 hours. These bricks are very consistent in terms of color, shape and texture and 
it could be more expensive compared to common bricks. Figure 2.11 shows a picture 
of example of calcium silicate that is bricks in the marketing.  
  
 
 
Figure 2.11: Calcium silicate bricks (Deraman, 2005) 
 
2.4.5 Cement-Sand Bricks 
 
Cement- sand bricks are composition that mixes with cement, sand and water that mix 
into mould working size bricks. These kind of bricks have strength as a concrete block 
and has standard grade. The use of cement for bricks is characterized as waterproof 
properties that prevent the moisture content of the water to penetrate into the joint of 
space bricks. In addition, these bricks are nor fired and more to green material bricks. 
Figure 2.12 shows the appearance of cement-sand bricks that has been used in 
construction.  
 
 
Figure 2.12: Cement-sand bricks (Unitedbricks, 2016) 
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2.5 Composition of Clay Bricks  
 
The composition for produce clay bricks is important to create bonding inside bricks. 
Through this section, the explanation of the composition of clay bricks that need to 
use is provided. In addition, Karaman et al., & Esmeray et al., (2006) stated that the 
quality of brick usually depends on composition material, production method, firing 
method and firing temperature.  
2.4.1 Clay Soil 
 
In Peninsular Malaysia, the clay soil is usually located along west coast in the vicinity 
of Johor, Malacca, Port Klang, Alor Setar, where on east coast at Kuantan Port and 
also north down in parts of India. A study by Cox et al., (1968) states that clay soil are 
formation factor in geological features local that has become part of the processes of 
natural soil stabilization. Prove by Ting & Ooi (1977) and Yusof et al., (2006) also 
stated that sensitivity in soft clay Peninsular Malaysia is classified as moderately 
sensitive and little silt clay soil. 
 The clay is classified as a type of soil that contains the high percentage of 
clay particles. This clay can look different physically by the natural characteristics of 
the place. It will change to gentle when there is moisture, it is easy to harden and 
difficult to be used in the circumstances. In most cases, the definition is quite difficult 
to translated that reflect specific characteristic of clay composition due to various 
factors on soil physical.  
 Determination of soil classification matters is very important because different 
soil properties have its own benefits. Figure 2.13 displays the indicator of soil 
classification followed by particle distribution on clay soil, sand, and silt.  
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Figure 2.13: Soil Classification (Mueller et al., 2008) 
 
 Figure 2.13 illustrates the result of good quality clay brick within the range of 
higher percentage, within 70 % to 80 % and 40 % to 60% with less 40% to 20 % of 
silt, sand and clay distribution (Mueler et al.; 2008). Shibib et al., (2013) mentions that 
the clay soil chemical composition found is SiO2 (35.4%), Al2O3 (10.7%), Fe2O3 
(4.1%), CaCO3 (40.6%), MgO (3.5%) that has an almost different composite oxide. 
Perera (2015) states that the investigation the chemical behaviour of clay materials 
found that the proportion of ratio Si2/Al2O3 can improve the strength characteristics of 
clay.   
 
2.4.2 Water  
 
The water element is one of the basic ingredients that should be included as an 
essential ingredient mix in the production of bricks. Soil containing, content moisture 
which had approached to liquid will behave more on features of liquid element against 
a solid addition to an outstanding low shear strength between the particles (Zhang et 
al., 2005). According to Buhan and Felice (1997), the presence of excessive water 
content will also improve self-weight of the soil element that will increase the power 
cohesion and minimize friction between the properties of micro particles need in the 
soil. 
 Water is the element that is required as a duty to bind between two different 
mixtures of soil and cement. The water content must not contain any impurities and 
can interfere with the quality of external perfect brick production design 
Suitable 
area of clay 
brick 
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specifications. Addition of water into a mixture of bricks was based on the overall 
ratio mixed use of which should be properly investigated in order to maintain the 
quality of soil mixture and mix the brick itself. 
 The proportion of water content for additive mixture in clay bricks was use 
from 15.57% until 16.67% (Bandihi et al., 2008) by weight. The addition of fiber to 
clay body will increase water required due to water content for the plasticity of the 
clay –waste mixture (Demir, 2008). Besides that, Demir et al., (2005) stated that the 
plasticity in is important parameter for the production of constructional clay brick.   
 Phonphuak (2013) highlights that the mixture for control and mixture residue 
for 2.5%, 5.0%, 7.5% and 10% ranges at approximately 25 -30%. As a result, the water 
in mixture able to enhance the plastic condition in order to obtain the desired shape 
bricks. According to Chan (2011) the 40% amount of water are use based on dry 
weight bricks for mixing fiber with clay bricks. Besides that, the amount of water 
depends on the liquid limit result as mentioned by Chan (2011).  
 
2.4.3 Cement 
 
Cement is a binder that is used for mixing substance for concrete use. Typically cement 
is mostly used in construction. Besides that, cement is mostly made from calcined lime 
and clay, where it is mixed with sand, gravel and water to produce concrete. 
Furthermore, cement is also a consumption in the production of brick that use Ordinary 
Portland Cement (OPC). The quality of soil is defined through plasticity index 
between the range of 15% to 25%, which is the most suitable for cement stabilization 
(Walker, 1997). In addition, the use of cement in clay soil enables to increase the 
plasticity inside clay soil that can stabilize its strength. Walker (1997) stated that the 
use of stabilized cement reduces the water absorption and capillary action. The reduce 
of low water absorption corresponds with the increment of the bricks’ strength. 
  The percentage of cement used in the production of brick actually can be a 
benchmark for medium durability of bricks that determines it as a stabilizer brick. 
Ahmad (2006) claimed that the ratio of cement used in preparation of a mixture of 
brick has shown a significant effect on elements physical compressive strength and 
water permeability of the bricks. The condition of particles of the cement content also 
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must always be in perfect condition to eliminate inequality of uniform size. Therefore, 
cement is needed to be sieved to provide it as a material for the production of bricks 
to be precise according to specification.  
 Khedari et al., (2005) points out that the bonding of cement and fibers can be 
affected by dimensions, surface condition and number of fibre. Soils with more than 
30% clay tend to have very high shrinkage/swelling ratios which, together with their 
tendency to absorb moisture, may result in major cracks in the end product. High clay 
soils require very high proportions of relate cement of stabilizer or a combination of 
stabilizers (Enokela and Alada, 2012). 
 A study by Ismail & Yaacob (2011) mentioned on the use of 6% of cement by 
mixing oil palm empty fruit bunch fibers in clay bricks.  However Chan (2011) used 
cement as binder at the range from 5% to 15% to serve as binder between soil and 
fibre. Bahobail et al., (2011) suggested that to overcome these defects, additives 
should be added to the soil to improve its quality and increase its capability to stand 
against these defects. Overall, the study by Chan (2011) showed more potential usage 
cement in firing with waste that has higher strength than non-firing brick. 
 
2.5 Overview Manufacture of Fired Clay Brick Factory 
 
The manufacturing of clay bricks can be divided into four general phase; mining and 
storage, forming the brick, drying process, firing and cooling (Marotta et al., 2010; 
Sarani, 2014). Before processing clay brick, the first stage of preparation clay soil is 
needed to been done by grinding, mixing, wetting and cleaning process to eliminate 
impurities. In the next stage, the mixture clay soil is processed into pug mills where it 
usually will blend clay with water. By controlling 18 – 25 % of water content is enough 
to produce good plastic, that is homogenously mass ready for moulding process (CBA, 
2002 ; Sarani, 2012).  
At the end, bricks will dry up and then under goes into firing process in tunnel 
kiln within 2 days (900ºC to 1200ºC). According to Johari et al., (2010), the best firing 
temperature is at 1200ºC to have good mechanical properties performance. Lastly, the 
bricks will cool down and let it rest for arrange and packaging process. Figure 2.14 
illustrates the process of firing clay brick under tunnel kiln.  
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Figure 2.14: Tunnel Kiln (Lyons, 2007) 
  
The process of firing clay bricks is shown in Figure 2.15.The manufacture 
firing brick is moved by kiln. The process of brick at the first stage needs to be at 
preheating to avoid crack on surface bricks. Based on Lyons (2007), brick firing occurs 
from 900 to 1250 º C, and the process ends by cooling bricks before contribute to 
supplier. The process of manufacture fired clay brick can be refer on APPENDIX A. 
 
2.6 Physical and Mechanical Properties of Clay Bricks 
 
Raw material composition and the manufacture process affect all properties of brick. 
The most important properties of clay brick are as the following. 
 
2.6.1 Compressive Strength 
 
Compressive strength is a capacity of material that allows holding the load and tensile 
strength that resists compression. The performance strength are been measured by 
compressive strength used by engineer to design building and other structure. The key 
of design building depends on strength, and the fracture of material shows their 
strength limit.  The calculation of compressive strength is derived from the original 
cross-sectional area of specimen in compressive test. For compressive strength bricks 
type’s class in BS 3921-1985 show the specific value that depends on the compressive 
strength. The compressive strength classification bricks can be referred as in Table 
2.3.  
 
104 
 
 
 
REFERENCES 
 
 
 
Abdullah Ahmad (2006). Bata Tanpa Bakar. Universiti Teknologi Malaysia, UTM. 
Thesis PhD. 
Arshad, S. & Pawade, P. Y. (2014). Reuse of natural waste material for making light 
weight bricks.    International Journal of Scientific & Technology Research, 3(6), 
pp. 49 – 51 
Ghani, W. A. W. A. K.,  Moghadam, R. A., Salleh, M. A., & Alias, A. B. (2009). Air 
Gasification of Agricultural Waste in a Fluidized Bed Gasifier: Hydrogen 
Production Performance. Energies, 2(2), 258-268. doi:10.3390/en20200258 
Arnold, W.H., Davies, S.R., Sinha, G.P. & Sinha, B.P. (2004). Design of Masonry 
Structures. Taylor & Francis, London, UK. 
Azzmi, N. M. & Jamaludin, N. (2014). A Review of Heat Transfer in Terraced Houses 
of Tropical Climate. E3S Web of Conferences 3. 1 January 2014. Emerging 
Technology for Sustainable Development Congress. EDP Sciences,  pp 1 – 6. 
Aminudin, E., Din, Md, F., Hussein, W., Kenzo, Iwao & Yo Ichikawa (2016). Properties 
of Agro-Industrial Aerated Concrete as Potential Thermal Insulation for Building. 
MATEC Web of Conferences 47, 04020, pp. 1-9  
Al-Homoud, M. S., (2005). Performance Characteristics and Practical Applications 
of Common Building Thermal Insulation Materials. Building and Environment, 
40 (33), pp. 351-364 
Al-Tamimi, N. & Qahtan, A. (2016). Influence of Glazing Types on the Indoor 
Thermal Performance of Tropical High-Rise Residential Buildings. Key 
Engineering, 692, pp. 27 – 37 
105 
 
Ali, M., Liu, A., Sou, H. & Chouw, Nawawi (2012). Mechanical and dynamic 
properties of coconut fibre reinforced concrete. Construction Building Materials, 
30, pp. 814-825. 
Ali, M., Li, X., & Chouw, N. (2012). Experimental Investigations on Bond Strength 
between Coconut Fibre and Concrete. Materials and Design, 44, pp. 596: 605 
Alwani, M. S., Khalil, A. H. P. S., Sulaiman, O., Islam, N. M., & Dungani, R., (2014). 
An Approach To Using Agricultural Waste Fibres In Biocomposites Application: 
Thermogravimetric Analysis And Activation Energy Study. Bio Resources, 9(1). 
pp. 218 – 230 
Al-Jabri, K. S., Hago, A. W., Al-Nuaimi, A. S., & Al-Saidy A. H. (2005). Concrete 
Blocks for Thermal Insulation In Hot Climate. Cement and Concrete Research, 
35(8), 1472–1479. doi:10.1016/j.cemconres.2004.08.018 
American Society for testing and Materials (2003). Steady-State Thermal 
Transmission Properties By Means Of The Heat Flow Meter Apparatus. 
American, ASTM 177 – 98.  
American Society for testing and Materials (2015). Standard Test Method for Steady-
State Thermal Transmission Properties by Means of the Heat Flow Meter 
Apparatus. American, ASTM 518 – 15. 
American Association of State Highway &Transportation Officials (2015). Standard 
Test Methods for Laboratory Compaction Characteristics of Soil Using Standard 
Effort. American, AASHTO T99.  
. American Society for Testing and Materials (2016). Standard Specification for 
Loadbearing Concrete Masonry Units. American, ASTM C90 – 16a 
American Society for Testing and Materials  (2015) Standard Test Methods for 
Laboratory Compaction Characteristics of Soil Using Standard Effort (12 400 ft-
lbf/ft3 (600 kN-m/m3)), American, ASTM D698 - 12e2. 
106 
 
American Association of State Highway &Transportation Officials (1995). Standard 
Test Methods of Sampling and Testing Brick and Structural Clay Tile.  American, 
ASTM C 67-94. 
American Society for testing & Materials (2015). Standard Method of Test for 
Moisture-Density Relations of Soils Using a 2.5-kg (5.5-lb) Rammer and a 305-
mm (12-in). American, ASTM T 99  
Andreola, F., Barbieri, I., Lancellotti & Rozzi, P. (1998). Recycling Industrial Waste 
in Brick Manufacture. Journal of Material Construction 1, pp. 5-16,  
Anderson, G., Thenner, S., Leandro, V., et al., (2013). A new use for modified 
sugarcane bagasse containing adsorbed C02+and Cr3+: Catalytic oxidation of 
terpenes .Brazil 
Arnold, W.H., Davies S.R., Sinha, G.P. & Sinha, B.P. (2004). Design of Masonry 
Structures. Taylor & Francis, London, UK. 
Awalludin, F., Sulaiman, O., Hashim, R., & Nadhari, W.N. A. (2015). An overview 
of the oil palm industry in Malaysia and its waste utilization through 
thermochemical conversion, specifically via liquefaction. Renewable and 
Sustainable Energy Reviews, 50, pp 1469–1484 
Awal, A.S.M.A. & Husin, M.W. (2011). Effect Of Palm Oil Fuel Ash In Controlling 
Heat of Hydration of Concrete. Procceding Engineering, 14, pp. 2650-2657. 
Arezki, S., Chelouah, N. & Tahakourt, A. (2015). Study of the influence of agricultural 
waste on the porosity of clay brick, Material Engineering 22, pp 16-24. 
Bahar, R., Benazzoug, M., & Kenai, S. (2004). Performance of Compacted Cement 
Stabilized Soil. Cement and concrete composites. 26(7), pp. 811-820 
Bahobai, A. (2012) The Mud Additives and Their Effect On Thermal Conductivity Of 
Adobe Bricks, Journal of Engineering Sciences, 40, No 1, Pp. 21-27 
Badhiya, S. S., Chatur, P. N. & Wakode, B. V. (2011). Data logger system: A survey.  
International Journal of Computer Technology and Electronics Engineering 
107 
 
(IJCTEE).  National Conference on Emerging Trends in Computer Science & 
Information Technology (NCETCSIT-2011). pp. 24 – 27 
Binici, H., Aksogan, O., & Shah, T. (2005). Investigation of fibre reinforced mud brick 
as a building material. Construction and Buildings Materials, 19, pp. 313-318. 
Binici, H., Aksogan, O., Nuri, B. M., Akca, E., & Kapur, S. (2007). Thermal isolation 
and mechanical properties of fibre reinforced mud bricks as wall materials. 
Construction and Buildings Materials, 21,pp. 901-906. 
BIA, Brick Industry Association (USA). (2004) Technical Notes 9-Manufacturing, 
Classification, and Selection of Brick, Manufacturing, Part 1. Retrieved on  
October 5, 2016, from http://www.bia.org. 
British Standards Institution (1985). Specification for Clay Bricks. London, BS 3921-
1: 1985. 
British Standard Institution (1990). Method of test for soils for civil engineering 
purposes. General requirement and sample preparation. London, BS 1377-
1:1990. 
British Standard Institution (1990). Methods of Test for Soils or Civil Engineering 
Purposes; Part 2: Classification Tests. London, BS 1377-2 : 1990 
British Standard Institution (1981). British Soil Classification System (BSCS) in Code 
of practice for site investigations. London, BS 5930: 1981 
British Standard Institution (1981). Ready-Mixed Building Mortars. London, BS 4721 
: 1981 
Bánhidi, V., & Gömze, L. A. (2008). Improvement of insulation properties of 
conventional brick products. 2008. Material Science Forum, 589, pp. 1–6. 
Bánhidi, V. (2008). Enhancement of insulating properties of brick clay by renewable 
agricultural wastes. Processing and Application of Ceramics 2, pp. 75-79. 
Bogdanov, B., Markovska I., Hristov Y., & Georgiev, D. (2012). Lightweight 
Materials Obtained by Utilization of Agricultural Waste, World Academy of 
Science, Engineering and Technology,64, .pp 332 -336 
108 
 
Buhan, P. D. & Felice, G. D. (1997). A homogenization approach to the ultimate 
strength of brick masonry. Journal of the mechanical and physics of solid, 45(7), 
pp. 1085 – 1104 
Bianco, A., & Ceradini, V. (2010). The Church of S. Eusanio, Damaged by the April 
6 2009 L’ Aquika Earthquake: In situ Diagnostic Investigations as Confirmation 
of Historical Research and Aimed at Restoration Plan. Proc. in the14th Europ. 
Conf. on Earthquake Engineering, Ohrid, Republic of Macedonia, pp.1-6. 
Clay Brick Association, CBA. (2002). Clay Brick Manufacture: Technical Guide. 
Retrieved on October 10, 2016, from http://www.cidb.org.za/ 
Chan, C. (2011). Effect of Natural Fibres Inclusion in Clay Bricks: Physico-
Mechanical Properties. International Journal of Civil and Environmental 
Engineering. (1), pp 51 -58 
Chiang, K. Y., Chou, P. H., & Hua, C. R., (2009). Lightweight bricks manufactured 
from water treatment sludge and rice husks. Journal of hazardous materials. 
171(1-3), pp. 76-82 
Coletti, C. (2016) Thermal Performance of the Exterior Envelopes of Whole Buildings 
XII International Conference. PLINIUS 42, 2016. Doi : 
10.192.19276/plinius.2016.01002 
Cultrone, G., Sebastian, E., Elert, K., Torre, M. J. D. L., Cazalla, O., & Navarro, C. R. 
(2004). Influence of Mineralogy And Firing Temperature on The Porosity of 
Bricks. Journal of the European Ceramic Society, 24, pp. 547–564 
Cerqueira, D. A., Rodrigues, G., & Meireles, C. D. (2007). “ Optimization of 
sugarcane bagaasee cellulose acetlylation, “ Carbohyd. Polym, 69(3), pp. 579, 
579-582. DOI: 10.1016/j.carbpol.2007.01.101.  
Celik, A.G., Depci, T. & Kılıc, A.M., (2014). New lightweight colemanite-added 
perlite brick and comparison of its physicomechanical properties with other 
commercial lightweight materials.Construction and Building Materials, 62, 59–
66. 
109 
 
Cox, E. R., Deason, T. R. Axilosphaera & Heterotetracystis. (1968). New 
Chlorosphaeracean Genera from Tennessee Soil. Journal of Phycology an 
International Journal of Algal research, 4(3), pp. 240-249. 
Coleford (2016). Facing bricks. Retrieved on October 7, 2016, form 
http://www.colefordbrick.co.uk/facing-bricks/ 
CETDEM (Centre for Environment, Technology & Development, Malaysia) (2006). 
A CETDEM study on energy efficiency: working with the community on energy 
efficiency at household level in Petaling Jaya. 
Code on Envelope Thermal Performance for Building (CETP) (2008). 
http://www.bca.gov.sg/PerformanceBased/others/RETV.pdf. 
Das, D., Kaundinya, D., Sarkar, R., & Deb, B.  (2016). Shear Strength Improvement 
of Sandy Soil Using Coconut Fibre. International Journal of Civil Engineering 
and Technology (IJCIET), 7(3), pp. 297 – 305. 
De Freitas, S.S., de Freitas, V.P., & Barreira, E. (2014). Detection of façade plaster 
detachments using infrared thermography – A nondestructive technique. 
Construction and Building Materials, 70(1): 80-87. 
Deraman, R., Hamzah, H., & Mat Seman, N. S., (2017). Investigating the Effectiveness 
of Using Agricultural Wastes from Empty Fruit Bunch (EFB), Coconut Fibre (CF) 
and Sugarcane Baggasse (SB) to Produce Low Thermal Conductivity Clay Bricks. 
3 rd Advanced Materials Conference 2016, 28 – 19 November 2016, Langkawi, 
Malaysia. 
Deraman, R. (2005). Prestasi Kejuruteraan Batu-bata Di Dalam Industri Pembinaan, 
Unpublished  Master Disertation, Universiti  Sains Malaysia, pp 1-351 
De Silva, P. & Crenstil, K.S., (2008). The Effect of Al2O3 and SiO2 On Setting and 
Hardening of Na2O-Al2O3-SiO2- H2O Geopolymer Systems. Journal Australian 
Ceramic Society. Vol 44 (1), pp. 39-46 
Dotaniya, M. L., Datta, S. C., Biswa, D. R., Dotaniya, C. K., Meena, B. L., Rajendiran, 
S., Regar, K .L., & Lata, M.(2016). Use of sugarcane industrial by-products for 
110 
 
improving sugarcane productivity and soil health. International journal recycled 
organization waste agricultural waste. 5, pp. 185 – 194 
Davis, M.P., Nording, N.A., Ghazali, M., Durak, M. J., & Reimann, G. (2005). 
Reducing Urban Heat Island Effect with Thermal Comfort Housing and 
Honeycomb Townships. Conference Proceeding of Sustainable Building South 
East Asia Conference, 11-13 April 2005, Kuala Lumpur, Malaysia. 
Dondi, M., Mazzanti, F., Principi, P., Raimondo., & Zanarini, G.(2004). Thermal 
Conductivity of Clay Bricks. Journal of Materials in Civil Engineering. 16, pp. 8-
14. 
Donatelli, A., Aversa, P., Anna, V., & Luprno, M. (2016). Set-up of an experimental 
procedure for the measurement of thermal transmittances via infrared 
thermography on lab-made prototype walls. Infrared Physics & Technology, 79, 
pp 135–143. 
Danso, H., Martionson, D. B., Ali, M., & Wiliams, J. (2015). Effect of fibre aspect 
ratio on mechanical properties of soil building blocks. Construction and Building 
Materials, 83, pp.314 - 319 
Department of Statistics Malaysia Official Portal, (DOSM) (2016). Annual production 
waste. Retrieved on October 10, 2016, from https://www.statistics.gov.my/. 
Demir, I. (2007). Effect of organic residues addition on the technological properties of 
clay bricks, Waste Management 28, pp. 622–627 
Demir, I, Serhat B. M., & Orhan, M. (2008). Utilization of kraft pulp production 
residues in clay brick production. Building and Environment, 40, pp.1533-1537. 
Dutta, A., Samanta, Akash., & Neogi, S., (2017). Influence of Orientation and the 
Impact of External Window Shading on Building Thermal Performance in 
Tropical Climate. Energy and Buildings, DOI: 
http://dx.doi.org/doi:10.1016/j.enbuild.2017.01.018  
 
111 
 
Demir, I., Baspinar, M. S., & Orhan, M.(2005). Utilization of kraft pulp production 
residues in clay brick production. Building and Environment. 40(11), pp. 1533–
1537. Retrieved from http://doi.org/10.1016/j.buildenv.2004.11.021.  
Demirbog, R. (2003). Influence of mineral admixtures on thermal conductivity and  
compressive strength of mortar, 35, pp. 189–192. 
Enokla, O. S., & Alada, P. O. (2012). Strength Analysis of Coconut Fiber Stabilized 
Earth for Farm Structures. International Journal of Advancements in Research 
and Technology. Vol (2), pp.5-11.  
Emmanuel, A. O. (2008). The effect of wood ash and sawdust admixture on the 
engineering properties of a burn laterite – clay brick. Journal of applied sciences, 
8 (6), pp. 1042 - 1048  
Edenhall (2016). Facing Bricks. Appealing Facing Bricks from Britain's Leading 
Independent Brick Manufacturer. Retrieved on October 10, 2016, from 
http://www.edenhall.co.uk/ 
Ebrahimi, M., Alvin, R., Caparanga, Ordono, E. O., & Villaflores O. B., (2017). 
Evaluation of organosolv pretreatment on the enzymatic digestibility of coconut 
coir fibers and bioethanol production via simultaneous saccharification and 
fermentation. Renewable Energy, 109, pp. 41-48 
Ecem, E. (2015). Thermal simulation: a backup for building thermography 
applications to detect delamination, Proceedings of BS2015: 14th Conference of 
International Building Performance Simulation Association, Hyderabad, India, 
Dec. 7-9, pp 1398-1395. 
Ecem, E., Ines, F. C., & Jorge, de B. (2014). Time-Dependent Passive Infrared 
Thermographic Inspection of Facades. Conferences paper, DOI: 
10.13140/RG.2.1.3630.6964, pp 1- 8 
Elias, O. S. T., Summers F., Surmeli, N., & Yammas, S. (2006). A Comparative Study 
of the Thermal Performance of Building Materials. The 23rd Conference on 
Passive and Low Energy Architecture, Geneva, Switzerland, 6-8 September 2006 
112 
 
Fernandes, F. M., Lourenco, P. B. & Castro, F. (2009). Handmade Clay Bricks: 
Chemical, Physical and Mechanical Properties. International Journal of 
Architectural Heritage, 4(1), pp. 38 -58 
Fazeli, A., Bakhtvar, F., Jahanshaloo, L., Che Sidik, N. A., & Bayat, A. E. (2016). 
Malaysia's stand on municipal solid waste conversion to energy: A review. 
Renewable and Sustainable Energy Reviews, 5816, pp. 1007–1016 
Fernandes, F. M., Lourenco, P. B., & Carto, F. (2010). Ancient Clay Bricks: 
Manufacture and Properties, in Dan, M. B., Prikyl, R., Torok, A. Materials, 
Technologies and Practice in Historic Heritage. London. Springer. 
Folaranmi, J. (2009). Effect of Additives on Thermal Conductivity of Clay. Leonardo 
Journal of Science, 14, pp 74 – 77. 
Gamidi, S. H. (2009). Non-Destructive Testing of Structures. Indian Inst. of Technol., 
Bombay, Nov. 20-23. 
Grinzato, E., Vavilov, V. & Kauppinen, T. (1998). Quantitative infrared thermography 
in buildings. Energy and Buildings, 29(1), pp. 1-9. 
Giuseppe, C., Eduardo S., Kertin E., & et al., (2004). Influence of mineralogy and 
firing temperature on the porosity of bricks. Journal of the European Ceramic 
Society, 24, pp. 547 – 564 
Grimm, C. T. (1996). Clay Brick Masonry Weight Variation; Journal of Architectural 
Engineering, 2 (4), pp. 135-137 
Gorhan, G. & Simsek, O. (2013). Porous clay bricks manufactured with rice husks. 
Construction and Building Materials, 40, pp. 390–396 
Google Earth (2017). Area Johor in Malaysia. Retrieved on January 9, 2017 from 
https://www.google.com/earth/  
Hospodarova, V., Stevulova, N. & Sicakova, A. (2015). Possibilities of Using 
Cellulose Fibres in Building Materials. 2nd International Conference on 
Innovative Materials, Structures and Technologies. Materials Science and 
Engineering. IOP Publishing, 96(1), pp.143 – 151 
113 
 
Houben, Hugo & Guillaud, Herbert (1994). Earth construction. A comprehensive 
guide. ITDG Publication, UK.  
Hadiwardoyo, S. P. (2013). Evaluation of the addition of short coconut fibers on the 
characteristics of asphalt mixtures. Civil and Environmental Research, 3(4), pp. 
63 – 75 
Hampton, A. (2010). Environmental Design Code : Thermal mass and insulation for 
temperate climates, EDG AH pp 1 – 11. 
Henryk, N. & Monika, K. (2010). Application of active thermography for detecting 
material defects in the building envelope. InfraMation 2010 Proceedings, 202, 
page 12. 
Ismail, S. N. & Manaf, L. (2014). The challenge of future landfill: A case study of 
Malaysia. Journal of Toxicology and Environmental Health Sciences, 5(6), pp. 86 
– 96. 
Ismail, S. & Yaacob, Z. (2011). Properties of Laterite Brick Reinforced with  
Oil Palm Empty Fruit Bunch Fibres. Pertanika J. Sci. & Technol, 19 (1), pp.33 – 
43 
International Labour Organization 1984 (ILO 1984), (1984). Small-scale brickmaking. 
Technology Series, Technical Memorandum No (6).   
James, J., Pandian, P. K., Deepika, K., Venkatesh, J. M., Manikandan, V., & 
Manikumaran, P. (2016) Cement Stabilized Soil Blocks Admixed with Sugarcane 
Bagasse Ash. Journal of engineering, pp. 1- 9 
Johari, A., Hashim, H., Mat, R., Alias, H., Hassim, M. H. & Rozainee, M. (2012) 
Generalization, formulation and heat contents of simulated MSW with high 
moisture content. Journal of engineering science and technology, 7(6), pp.701 – 
710 
Jaacob, C., Patricia, C., Stephen, G. W., & Leona, S. A. (2003) Applied Multiple 
Regression/Correlation Analysis for the Behavioral Sciences, 3rd Edition Third 
Edition. United State America 
114 
 
Johari, I., Said, S., Hisham, B., Bakar, A., & Ahmad, Z. A. (2010). Effect of the 
Change of Firing Temperature on Microstructure and Physical Properties of Clay 
Bricks from Beruas (Malaysia). Science of Sintering, 42, pp. 245-254. 
Jayasinghe, C., & Kamaladasa, N. (2007) Compressive strength characteristics of 
cement stabilized rammed earth walls. Construction Building Material Elsevier, 
1(2), pp. 1 - 6 
Johari, A., Alkali, H., Hashim, H., Ahmed, S. I.  & Mat, R. (2014) Municipal Solid 
Waste Management and Potential Revenue from Recycling in Malaysia. Modern 
Applied Science, 8(4), pp. 1913-1844. 
Kadir, K. A. (2010) Recycling Cigarette Butts in Fired Clay Bricks. RMIT University 
Melbourne. Doctor of Philosophy Thesis 
Kannamma, D. (2012) Optimising heat gain by building materials through landscape 
elements. International Journal of Management, IT and Engineering, 2(5), .pp 
380 - 401 
Karaman, S, Erşahin, S., & Günal, H., (2006). Firing Temperature and Firing Time 
Influence on Mechanical and Physical Properties of Clay Bricks. Journal 
Scientific & Industrial Research, 65(2), pp. 153-160. 
Kamarul, Z. A. F., Kanniah, K. D., & Dimitris, G. K., (2017). Estimating Particulate 
Matter using satellite based aerosol optical depth and meteorological variables in 
Malaysia. Atmospheric Research, 193, pp. 142–162. 
Khan, F., Bolhassani, M., Kontsos, A., Hamid, A., & Bartoli, I. (2015). Modeling and 
experimental implementation of infrared thermography on concrete masonry 
structures. Infrared Physics & Technology, 69, pp 228–237. 
Khuenpet, K., Charoaenjarasrerk, N., Jajit, S., Araypoonpong, S. & Jittanit ,W. (2016). 
Investigation of suitable spray drying conditions for sugarcane juice powder 
production with an energy consumption study. Agriculture and Natural 
Resources, 50(2), pp. 139 – 145 
115 
 
Khedari, J., Watsanasathaporn, P., & Hirunlabh, J., (2005). Development of fibre-
based soil–cement block with low thermal conductivity. Cement & Concrete 
Composites, 27, pp. 111–116 
Kristaly, F. & Gomze, L. (2008). Remnants of organic pore-forming additives in 
conventional clay brick materials: Optical Microscopy and Scanning Electron 
Microscopy study. Materials Science, 2 (60), pp. 34 – 38 
Kadir, A. A. & Ariffin, N. M. (2013) Effects of Utilizing Rice Husk in Fired Clay 
Brick. International Journal of Zero Waste Generation, 1 (1), pp. 27-34. 
Kadir, A. A., Zahari, A., & Mardi, A. (2013). Utilization of Palm Oil Waste into Fired 
Clay Brick. Advances in Environmental Biology, 7(12), pp, 3826-3834 
Kadir, A. A., Hinta, H., & Sarani, A. (2015). The utilization of coffee waste into fired 
clay brick. ARPN Journal of Engineering and Applied Sciences, 10(15), pp. 6289 
– 6292 
Kadir, A. A. & Mohajerani A.A., (2011). Recycling Cigarette Butts In Light-Weight 
Fired Clay Bricks, Journal of Construction Materials, Proceedings of the 
Institution of Civil Engineers, 164(5), pp. 219- 229. 
Kadir, A. A. & Maasom, N. (2013).  Recyling Sugarcane Baggase Waste into Fired 
Clay Brick. Internation Journal of Zero Waste Generation, 1(1), pp. 1-6. 
Kadir, A. A., Abdullah, M. A. B., & Sarani, A. (2016). The Utilization of Coconut 
Fibre into Fired Clay Brick. Key Engineering Material, 673, pp. 213 -222 
Kavitha, B., Jothimani, P., & Rajannan G. (2013). Empty fruit bunch- a potential 
organic manure for Agriculture. International Journal of Science, Environment 
and Technology, 2(5), pp. 930 -937 
Karim, G. W. A., Firdaus, A. M. S., Long, C. J., Ho C. J. & Maton, K. A. (2008). 
Characterization of Vitrified Malaysian Agro waste Ashes as Potential Recycling 
Material. International Journal of Engineering and Technology, 5(2), pp. 111 – 
117 
116 
 
Kolop, R., Ibrahim, W.H. & Eng, J.E. (2010). Properties of cement blocks containing 
high content of oil palm empty fruit bunches (EFB) fibers. International 
Conference on Civil Engineering 2008. UMP: UMP Publisher 
Kohta, U., John, S., & Randy, V. S., (2013). Field Monitoring and Simulation of a 
Historic Mass Masonry Building Retrofitted with Interior Insulation, Thermal 
Performance of the Exterior Envelopes of Whole Buildings, XII International 
Conference, pp. 1- 16. 
Loh, Y. R., Sujan D., Rahman ,M. E., & Das, C. A. (2013). Sugarcane bagasse—the 
future composite material: a literature review. Resource Conserve Recycle, 75, pp. 
14–22 
Lertwattanaruk, P., & Choksiriwanna J. (2007). Effect of natural materials on properties 
of adobe brick for earth construction. Journal of Architectural/Planning Research 
and Studies, 5(1), pp. 187-199. 
Lim, S. K., Tan, C. S., Lim, O. Y., & Lee, Y. L. (2013). Fresh and hardened properties 
of lightweight foamed concrete with palm oil fuel ash as filler. Construction and 
Building Materials, 46, 39–47. doi:10.1016/j.conbuildmat.2013.04.015 
Liew, A. G., Idris, A., Samad, A. A., Calvin, Wong, H. K., Jaafar, M. S. & Aminuddin 
M. B. (2004). Incorporation of sewage sludge in clay brick and its 
characterization. Waste Management & Research, (22), pp. 226–233. 
Lingling, X, Wei, G., Tao, W. & Nanru, Y. (2005). Study on fired bricks with replacing 
clay by flash in high volume ratio. Construction and Building Materials, 19, pp. 
243-247. 
Luide, R. M., Josilene, A.V. R., Oscar, F. H. A., et al., Optimization of cellulose and 
sugarcane bagasse oxidation: Application for adsorptive removal of crystal violet 
and auramine-O from aqueous solution. Journal of Colloid and Interface Science,  
494, pp. 223–241 
Lyons, A. (2007). Materials for Architects & Builders. 3rd Ed. Italy. Elsevier, pp. 1-
368 
117 
 
Mayer, A.  (2007). Infrarot-Kamera sucht nach Klimasündern. Ostsee-Zeitung, 
Rostock, 11.04.2007, S. 3. 
Mydin, M. A. O. (2011). Effective thermal conductivity of foam concrete of different 
densities. Concrete research, 2(1), pp. 180 – 189 
Mannan, M.A. & Ganapathy, C. (2004). Concrete from an Agricultural Waste-Oil 
Palm Shell (OPS). Building and Environment, 39,pp. 441-448 
Mangesh, V., Madurwara., Rahul, V., Ralegaonkara,  &  Mandavgane, A., (2013). 
Application of agro-waste for sustainable construction materials: A review. 
Construction and Building Material. Vol 38, pp 872 – 878. 
Manioglu, G., & Yılmaz, Z., (2008). Energy efficient design strategies in the hot dry 
area of Turkey. Building and Environment.43(7), pp 1301–1309. 
Marotta, T. W., Coffey, J. C., LaFleur-Brown, A., & LaPlante, C. (2010). Basic 
Construction Material. 8rd Ed. Prentice Hall. 
Mahat, N. (2010). Comparison Study on Oil Palm Trunk and Oil Palm Fruit Bunch 
Fibre Reinforced Laterite Bricks. Morden Applied Science, 4(7), pp. 119 - 121 
Manaf, L. A., Samah, A. A. & Zukki, I. (2009). Municipal solid waste management in 
Malaysia: Practices and challenges. Waste Management, 29, pp. 2902-2906 
Mahlia, T.M.I., Taufiq, B. N., Ismail & Masjuki, H. H.(2007). Correlation between 
thermal conductivity and the thickness of selected insulation materials for 
building wall. Energy and Buildings, 39, pp. 182 -187 
Malaysia Standard (1972). Specifications for bricks and blocks of fired brick earth clay 
or shale: Part 2: Metric units, Kuala Lumpur, MS 76:1972. 
Malaysian Palm Oil Board (MPOB) (2011). Malaysian Oil Palm Statistics, (on-line) 
Retrieved on October 5, 2016, from 
http://econ.mpob.gov.my/economy/annual/stat2007/Area1.htm 
118 
 
Mekhilef, S., Saidur, R., Safari, A., & Mustaffa, W.E.S.B. (2011). Biomass energy in 
Malaysia: Current state and prospects. Renewable and Sustainable Energy 
Reviews, 15, pp. 3360– 3370. 
Metro Blue (2017). Weather Batu Pahat. Retrieved on January 12, 2017, from 
https://wwwmeteoblue.com/en/weather/forecast/week/batu-
pahat_malaysia_1732687 
Mueller, H., Maithy, S., Prajapati., Bahata, A. D. & Shrestha, B. L. (2008). Vertical 
Shaft Bricks Kiln Project. Clean Building Technologies for Nepal. . Retrieved on 
October 10, 2016 from http://www.ecobrick.in/resource_data/KBAS100046.pdf.  
MOA (2009). Profil Kelapa. Handbook of Ministry of Agriculture & Agro-Based 
Industry Malaysia. Retrieved on Sept. 24 2013 from http://www.moa.gov.my/ 
documents/10157/967b8b67-1b3f-4ecd-967ea090b6c2ddd7. 
Nazir, S., Wahjoedi, B. A., Yussof, A. W., & Abdullah A. (2013). Eco- Friendly 
extraction and characterization of cellulose from oil palm empty fruit bunches. 
Bio Resources, 8(2), pp. 2161 – 2172 
Niesper, A. A. Tontrocknung (1958).  About drying Ziegeltonen. Ceramic Material, 
pp. 153 
Nithiya, R., Chris, A. L., & Anbalagan, C. (2016). Experimental investigation on 
bricks by using various waste materials. International journal of latest trends in 
engineering and technology (IJLTET), 6(3), pp. 395 – 402. 
Nicol, J.F. & Humphreys M. A. (2002). Adaptive thermal comfort and sustainable 
thermal standards for buildings. Energy and Buildings, 34, pp. 563 – 572. 
Nyers, J., Tomic, S., & Nyers, Arpad., (2014).  Economic Optimum of Thermal 
Insulating Layer for External Wall of Brick. Acta Polytechnica Hungarica. Vol. 
11 (7), pp 210 -222  
Nuzzo, I., Calia, A., Liberatore, D., Masini, N.,  & Rizzo E., (2010). Integration of 
Ground- Pentrating Radar, Ultrasonic Testes and Infrared Thermography for the 
Analysis of Precious Medieval Rose Window. Adv. in Geosci., pp 69-82. 
119 
 
Obam, Ogah, Odale, & Otor, N. (2015). Structural and Dimensional Properties of 
Burnt-Bricks Produced at Oju, Nigeria. International Journal of Scientific 
Engineering and Applied Science (IJSEAS), 1(8), pp. 298 – 301. 
Osman, N.B., Shamsuddin, N., & Uemura, Ya. (2016). Activated Carbon of Oil Palm 
Empty Fruit Bunch (EFB); Core and Shaggy. 4th International Conference on 
Process Engineering and Advanced Materials. Procedia Engineering, 148, pp. 
758 – 764 
Ostrowski, Ch., Antczak,  E., Defer, D., & Duthoit,  B., (2003). Association of Infra-
red Thermography and Thermal Impedance Applied to the Detection of Empty 
Spaces under Concrete Slabs. Proc. of the Internat. Symp. “Non-Destructive 
Testing in Civil Engineering”, 2003, 1-6. 
Qahtan, Abdultawab, Keumala, Nila I. M., & Rao, S.P., (2010). Occupant satisfaction 
in respect to indoor Environmental quality in energy efficient certified Buildings 
in Malaysia. Open and sustainable building pp. 449 – 459. Retrieved form 
http://repository.um.edu.my/id/eprint/12560 
Oke, T. K. (1973). Atmospheric Environment Pergamon Press 1973, 7, pp. 769-779. 
Printed in Great Britain. 
Panyakaew, S., & Fotios, S. (2008). Agricultural Waste Materials as Thermal 
Insulation for Dwellings in Thailand: Preliminary Results. Conference on Passive 
and Low Energy Architecture. 22nd to 24th October, Dublin. PLEA. pp 1- 6. 
Pappu, A., Saxena, M., & Asolekar, S. R. (2007). Solid wastes generation in India and 
their recycling potential in building materials. Building and Environment, 42(6), 
pp. 2311-2320. 
Perera, B. V. A., Madhushanka, K. G. S., Subashi, G. H. M. J., Silze, S. D., & Silza 
G. S. Y.D. (2015). Effect of Rice Husk Ash (RHA) on structural. 6th International 
Conference on Structural Engineering and Construction Management 2015. 11th-
13th December 2015. Structural Engineering, Construction and Management. pp 
131 - 137 
120 
 
Phonphuak, N. (2013). Effects of Additive on the Physical and Thermal Conductivity 
of Fired Clay Brick. Journal of Chemical Science and Technology, 2(2), pp. 95-
99. 
Phonphuak, N., & Thiansem, S. (2011). Effects of Charcoal on Physical and 
Mechanical Properties of Fired Test Briquettes. Scienceasia, 37, pp. 120-124. 
Plesu, R., Teodoriu, G., & Taranu, G. (2012). Infrared thermography application for 
building investigation, Buletinul Institutullui Politehnic Din Iasi, Universitatea 
Technica, Gheorghe Asachi din Iasi, pp. 157-168. 
Ramli, R., Shaler, S., & Jamaludin, M.A. (2002). Properties of medium density 
fibreboard from oil palm empty fruit bunch fiber. J. Oil Palm Res., 14, 34-40. 
Raut, R., Stephen, S. & Jamaludin, A. (2002). Properties of medium density fiberboard 
from oil palm empty fruit bunch fibre. Journal of   Oil Palm Research, 14 (2), pp.  
34-40 
Raut, S., Mandavgane, S., Ralegaonkar, R., & ASCE, A. M. (2014). Thermal 
Performance Assessment of Recycled Paper Mill Waste–Cement Bricks Using the 
Small-Scale Model Technique. J. Energy Eng., 140(2), pp. 04014001. 
Rathakrishnan, E. (2012). Elements of Heat Transfer, United Stated of America: 
Taylor and Francis Group. 
Rashid, A., A. S., Anuar K. K., Katimon A., & Md, N. N., (2008). Determination of 
plastic limit of soil using modified methods. Malaysian Journal of Civil 
Engineering, 20(2), pp. 295- 308. 
Raluca, P., Gabriel, T. & Geogre, T. (2012). Infrared Thermography Applications for 
Building Investigation. Bul. Inst. Polit. Iaşi, t. LVIII (LXII), pp 156 - 168 
Raut, S. P., Ralegaonkar, R.V. & Mandavgane, S. A. (2011). Development of 
sustainable construction material using industrial and agricultural solid waste: A 
review of waste-create bricks. Construction and Building Materials, 25(10), pp. 
4037 – 4042. 
121 
 
Salleh, M., M. A., Mahmoud, D. K., Wan, A.K., W. A., & Idris, A. (2011). Cationic 
and anionic dye adsorption by agricultural solid wastes: A comprehensive review. 
Desalination. Vol 280, No 1-3, pp 1- 3. 
Shahram, P., Asadi, A., Bujang, B.K. H. & Fasihnikoutalab, M. H. (2015). 
Stabilization of clayey soil using ultrafine palm oil fuel ash (POFA) and cement. 
Transportation Geotechnics 3, pp 24–35 
Shibib, K. S., Qatta, H., & Hamza, S. (2013). Enhancement in Thermal and 
Mechanical Properties of Bricks. Thermal Science, 17(4), pp. 1119-1123. 
Shibib, K. S. (2015). Effects of waste paper usage on thermal and mechanical 
properties of fired brick. Heat mass Transfer, 51 (685). DOI: 10.1007/s00231-
014-1438-6 
Sustainable Energy Development Authority Malaysia (SEDA Malaysia). Retrieved on  
February 21 2017 form http://www.seda.gov.my/ 
Saiah, R., Perrin, B., & Rigal, L. (2010). Improvement of Thermal Properties of Fired 
Clays by Introduction of Vegetable Matter. Journal of Building Physics, 34 (2), 
pp. 124-142. 
Stang, A. H., Persons, D. E., & McBurney, J. W. (1929). Compressive strength of clay 
brick walls, BS J. Research, 3(4),pp. 507 – 571 RP108. 
Serrano, S., de Gracia, A. & Cabeza, L.F. (2016). Adaptation of rammed earth to 
modern construction systems: Comparative study of thermal behavior under 
summer conditions. Application Energy, 175, pp. 180–188  
Serrano, S., Barreneche, C., & Cabeza, L. F. (2016). Use of by-products as additives 
in adobe bricks: Mechanical properties characterization. Construction Building 
Material, 108, pp. 105–111. 
Sarani, A. (2014). Properties and Environmental Impact of Recycling Cigarette Butts 
(CBs) in Fired Clay Brick. Universiti Tun Hussein Onn Malaysia (UTHM): 
Master Thesis 
122 
 
Shakir, A. A., Naganathan, S. & Mustapha, K. M. (2013). Development of bricks from 
waste material: A review paper, Australian Journal of basic and applied sciences, 
7(8), pp.812 – 818. 
Shaikh, H. M., Pandare, K. V., Nair, G., & Varma, A. J. (2009). Utilization of 
sugarcane bagasse cellulose producing cellulose acetates : Novel use residual 
hemicellulose as plasticizer. Carbohydr Polm, 76(1), pp. 23 - 29 
 
Shakir, A. A. & Mohammed, Ali A. (2013). Manufacturing of Bricks in the Past, in 
the Present and in the Future: A state of the Art Review. International Journal of 
Advances in Applied Sciences (IJAAS), 2(3), pp. 145~156. 
Sutas, J., Mana, A., & Pitak, L. (2012). Effect of Rice Husk and Rice Husk Ash to 
Properties of Bricks. Procedia Engineering, 32, pp. 1061 – 1067 
Sufian, A., & Ibrahim, A., (2011). Equitable Distribution of Low-Cost Houses in 
Malaysia: Constraints and Challenges. Int. Journal of Economics and 
Management. Vol 5(1), pp 251 – 265 
Starnes, M. A., Carino, N. J., & Kausel, E. A. (2003). Preliminary thermography 
studies for quality control of concrete structures strengthened with fiber-
reinforced polymer composites, Journal Material Civil Engineering, 15(3), pp 
266–273. 
Scrivener, J. (1992). Old Masonry Buildings: Earthquake Performance and Material 
Testing, Nat. Res. Council Canada, Inst. for Res. in Costr. 
Ting, W. H., & Ooi, T.A. (1977). Some Properties of the Coastal Alluvia of Peninsular 
Malaysia in Geotechnical Aspects of Soft Clay. Asian Institute of Technology, pp. 
89-101. 
Tiwari, V. & Choubey, U. B. (2014). An Experimental Study of Fly-ash Brick 
Masonry Wall Panels under Cyclic Loading. International Journal of Research 
and Innovations in Science and Technology, 1(1), pp 54-61 
123 
 
Tonnayopas, D., Tekasakul, P., & Jaritgnam, S. (2008). Effects of Rice Husk Ash on 
Characteristics of Lightweight Clay Brick, Technology and Innovative for 
Sustainable Development Conference, Thailand. pp. 36-39. 
Tonnayopas, D., Nilrat F., Putto, K., & Tantiwitayawanich J. (2006). Effect of oil palm 
fiber fuel ash on compressive strength of hardening concrete. Proceedings of the 
4th Thailand Materials Science and Technology Conference, Thailand, 
Pathumthani, pp. 1–3 
Tarmudi, Z., Abdullah L. & Tap, A. O. (2009). An overview of municipal solid wastes 
generation In Malaysia. Journal Teknologi, 51(F), pp. 1- 15 
Tarmudi, Z., M.L. Abdullah & A. Osman. (2010). A conflicting bi-fuzzy sets 
approach in multi-criteria selection. Int. J. Math. Stat, 6, pp. 79-92. 
Unitedbricks (2016). United Materials Trading Sdn. Bhd. Retrieved on October 7, 
2016, form http://unitedbricks.com.my/products.html 
Umasravanan, D., Jayapriya, J. & Rajendran, R. B. (2011). Comparison of 
lignocellulose biodegradation in solid state fermentation of sugarcane bagasse and 
rice straw by aspergillus tamarii. Cey. J. Sci. (bio. Sci.), 40 (1), pp. 65-68 
Wahab, I. A., & Ismail, L. H. (2010) Natural Ventilation Approach in Designing 
Urban Tropical House. Universiti Tun Hussein Onn Malaysia (UTHM). pp 11. 
Wahab, B. I. & Ismail, L. H. (2014). Design approach for urban tropical contemporary 
house to enhance natural ventilation. Renewable Energy and Green Technology 
International Conferences (REEGETECH). pp 6. 
Wahab, A. I. & Ismail, L. H. (2012). Natural ventilation approach in designing urban 
tropical house. International Conference on Civil and Environmental Engineering 
Sustainability (IConCEES 2011), 3-5 April 2012, Johor Bahru, Malaysia. 
Walker, P., (1995). Strength, durability and shrinkage characteristics of cement 
stabilised soil blocks. Cement and Concrete Composites, 17(4), pp. 301–310 
124 
 
Winkler, H. G. F., (1954). Importance of particle size distribution and the mineral 
composition of clays for manufacturing heavy clay products. Ber. Dt. Keram. Ges. 
31,pp. 337-343, Bonn 
Washer, G., Fenwick, R., Bolleni, N., (2010). Effects of Solar Loading on Infrared 
Imaging of Subsurface Features in Concrete. Journal of Bridge Engineering, 15, 
pp. 384-390. 
Wagner, K., (2014). Generation of a Tropically Adapted Energy Performance 
Certificate for Residential Buildings. Sustainability, 6, pp. 8415-8431. 
Weng, C. H.,  Lin, D. F., & Chiang, P. C. (2003). Utilization of Sludge as Brick 
Materials Journal Advanced Environment Research, Vol 7, pp. 679-685. 
Walter, W. (2007). Application of infrared thermography in civil engineering. Proc. 
Estonian Acad. Sci Eng, Vol 13(4), pp. 436 – 444. 
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